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Abstract. In this paper we present Naturally Enhanced Ion
Acoustic Lines (NEIALs) observed with the EISCAT Sval-
bard Radar (ESR) together with auroral emissions observed
with the Meridian Scanning Photometer (MSP). This is the
ﬁrst report of NEIALs observed during nighttime at Sval-
bard. Previously, NEIALs have been associated with a strong
red line intensity (>10kR), which exceeds the green line in-
tensities. The high intensity in the red line emission is a sign
of abundant low energy electron precipitation. In our obser-
vations, one of the NEIAL events was accompanied by the
red line emissions far below the previously reported inten-
sities. This happened when the green line intensity exceeds
the red line intensity. In this work we discuss the behaviour
of electron precipitation characteristics and optical emissions
during NEIAL events on the nightside, and we suggest that
intensity enhancements in the 844.6nm emission line could
bea bettercandidatethan the630.0nmemissionas anoptical
signature for NEIALs.
Keywords. Ionosphere (Particle precipitation; Plasma
waves and instabilities; Polar ionosphere)
1 Introduction
Naturally Enhanced Ion Acoustic Lines are easily distin-
guishable from the standard thermal incoherent scatter (IS)
spectrum due to the very strong enhancement, up to 4–5 or-
ders of magnitude above the thermal level (Grydeland et al.,
2004), of one or both ion acoustic shoulders in the power
spectrum of the returned signal, see Fig. 1. Such strong en-
hancementsoftheionacousticfrequencieswerepredictedby
Rosenbluth and Rostoker (1962), where they demonstrated
theoretically that increased backscatter could be caused by
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the growth of ion acoustic waves excited by ﬁeld-aligned
currents (FAC). The normal double-peaked shape of the IS
spectra for the F-region backscatter is related to the ra-
tio of electron and ion temperatures being larger than one,
while the spectral width reﬂects the Doppler broadening
due to the ion thermal speed. The up-shifted Doppler fre-
quency (right peak/shoulder) and the down-shifted Doppler
frequency (left peak/shoulder) correspond to ion-acoustic
waves (IAW) propagating towards and away from the receiv-
ing radar antenna, respectively. Rietveld et al. (1996) show,
by using data from the mainland EISCAT UHF radar, that
the left peak is more commonly enhanced at higher altitudes
(>450km) than the right peak and vice versa. Grydeland et
al. (2004) show the same by providing a histogram of the
occurrence of these echoes at the ESR versus range. There-
fore, the enhancement in the down-shifted peak is believed
to be associated with soft electron particle precipitation, ion-
outﬂow and upward streaming ionospheric electrons which
carry an earthward directed FAC, while the up-shifted peak
is interpreted as being associated with downward streaming
thermal and supra-thermal electrons as well as ions (Rietveld
et al., 1996). For more than a decennium, NEIALs have been
interpreted as being caused by i) plasma turbulence driven
by short bursts of intense ﬁeld-aligned currents, the current
driven instability (e.g. Foster et al., 1988; Collis et al., 1991;
Rietveld et al., 1991), ii) large relative drifts between two
or more ion species, the ion-ion two stream instability (e.g.
Wahlund et al., 1992b) and iii) nonlinear wave-wave interac-
tion, the parametric decay of Langmuir waves (e.g. Forme,
1993, 1999).
The ﬁrst observation of NEIALs in the dayside cusp/cleft
regionusingtheEISCATSvalbardRadar(ESR)wasreported
by Buchert et al. (1999). Later on, more observations have
been reported using the ESR (e.g. Sedgemore-Schulthess et
al., 1999; Grydeland et al., 2003, 2004; Blixt et al., 2005;
Strømmeetal., 2005; Ogawaetal., 2006; Lundeetal., 2007).
A common feature for all these observations is that they have
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Fig. 1. Theoretical incoherent scatter spectra: classical double-
humped shape (solid line) and distorted shape due to ion acoustic
ﬂuctuations (dashed line), ωd is the Doppler shift and ωs the ion
acoustic frequency (Forme and Fontaine, 1999).
been carried out during daytime, and most of them in the
vicinity of the dayside cusp/cleft. In contrast, NEIALs re-
ported from the mainland (e.g. Rietveld et al., 1991) have
been observed mainly during nighttime in association with
the nightside auroral oval. This may not be surprising, since
it is well known that the auroral oval is located at higher
latitudes for daytime aurora than nighttime aurora. How-
ever, during geomagnetic disturbances, the auroral oval can
expand both southward and poleward (e.g. Feldstein and
Starkov, 1967). In addition, the enhanced radar spectra are
generally seen inside or adjacent to regions of strong 630-
nm auroral emission, with intensity levels exceeding 10kR
(e.g. Collis et al., 1991), independently of local time. These
strong intensities in the red line, occurring simultaneously
with NEIALs, have typically been interpreted as a signature
of soft particle precipitation. However, the separation be-
tween the optical and radar observations has often been sig-
niﬁcantly larger than the scale size of NEIALs measured by
Grydeland et al. (2003, 2004). Also, Collis et al. (1991) point
out that it is rare to observe red line auroral emissions which
exceed 10kR, and the occurrence of both NEIALs and bright
red emissions appears to be equally rare.
The NEIALs are, in addition to soft particle precipitation
(e.g. Collis et al., 1991; Forme et al., 1995) and ion-outﬂow
(e.g. Wahlund et al., 1992a; Forme and Fontaine, 1999), also
found to be accompanied with high electron temperatures
(e.g. Foster et al., 1988; Wahlund et al., 1993), severe ge-
omagnetic disturbance (e.g. Rietveld et al., 1991), active au-
roral forms (e.g. Sedgemore-Schulthess et al., 1999; Blixt et
al., 2005) and enhanced plasma lines (Strømme et al., 2005).
In all these studies, the observations of NEIALs were inter-
pretedasbeingassociatedwithparticleprecipitation, directly
or indirectly. Collis et al. (1991) concluded that large ﬂuxes
of low energy electrons must be the major cause of NEIALs
since they were accompanied by active and intense red au-
roral forms in the F-region. Forme et al. (1995) found that
strong NEIALs were often associated with precipitating par-
ticles of energies between 100eV and 10keV. Wahlund et al.
(1992a) observed NEIALs during short intervals of auroral
precipitation and ion outﬂow (Type II). Forme and Fontaine
(1999) found that NEIAL events together with large ion out-
ﬂows exist inside local turbulent regions characterized by
strong electron heating. Foster et al. (1988) showed that large
electron to ion temperature ratios, implicit inﬂuenced by pre-
cipitating particles, could lead to ion acoustic instabilities.
Wahlund et al. (1993) observed NEIAL events together with
topside ionospheric electron temperature enhancements, and
found a good correlation between enhancements in both the
electron temperature and the electron density, where the lat-
ter enhancement correspond to ionization by electron precip-
itation in the energy range 100–500eV. Rietveld et al. (1991)
observed NEIALs during severe geomagnetic disturbances
with auroral particle precipitation, indicated by electron den-
sity enhancement in the E-region. Enhanced IS spectra were
also associated with electron heating in the F-region, of-
ten large upward plasma ﬂows, auroral arcs and red aurora.
Sedgemore-Schulthess et al. (1999) found that NEIAL spec-
tra occur during observations of poleward moving auroral
transients and auroral coronal forms, and Blixt et al. (2005)
found a strong correlation between NEIALs and dynamic
rayed aurora as well as red background emissions, which
showed that there is a signiﬁcant part of low energy electrons
among the precipitating electrons. Strømme et al. (2005)
foundthatsimultaneousenhancementsintheion-andplasma
lines were due to a low energy electron beam (8–80eV). Fur-
thermore, Robinson et al. (1985) point out a relation between
the electron temperature and auroral emissions, as they re-
ported high electron temperatures of 6000K in association
withredaurora. Morerecently, Lundeetal.(2007)suggested
that the electron precipitation energy ﬂux, the characteristic
energy and harder precipitation could be of importance in the
process of generating NEIALs. Frederick-Frost et al. (2007)
suggest that NEIALs and Broad Band Extremely Low Fre-
quency (BBELF, <5kHz) waves are indicative of the same
phenomenon, in which case the parametric decay of Lang-
muir waves is not a likely explanation.
Based on the literature cited above, there are reasons to
believe that NEIALs are associated with particle precipita-
tion (see also Sedgemore-Schulthess and St. Maurice, 2001,
and references therein). However, the speciﬁc role of for ex-
ample the energy and/or ﬂux of the precipitation in the pro-
cess of generating NEIALs is not clear. In this paper, we
use optical observations to estimate the electron precipita-
tion characteristics of NEIAL events observed with the ESR
during nighttime from Svalbard, with particular emphasis on
the 844.6nm emission line.
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Fig. 2. Examples of NEIALs observed in the raw data. The enhancement in the right shoulder (left panel) corresponds to the time when the
green emission line exceeds the red line.
2 Observations
On 27 November 2000, the geophysical conditions indicate
an active day with a local K-index for Longyearbyen of about
6 and a westward electrojet just prior to the observed NEIAL
events. The Interplanetary Magnetic Field (IMF) was ob-
tained from the ACE satellite (not shown) at the Lagrange
point (L1). It was stable for a long time (>8h) with a strong
negative BY component (∼5nT), a positive BX component
(∼2nT) and a negative BZ component (∼2nT) during our
time of interest. It should also be mentioned that a Solar
Proton Event (SPE) started 24 November (∼15:20UT) with
a maximum at 26 November (∼20:30UT) with several as-
sociated halo Coronal Mass Ejections (CME) between the
morning of the 23rd and afternoon of the 26th.
The ESR (500MHz) ﬁeld-aligned 42m antenna detected
5 periods of enhanced spectra between 18:00–20:00UT. The
radar was operated in a 16bit alternating code experiment
Tau0, version 2.10, with an integration time of 12.8s. The
transmission was switched between the 42m and 32m an-
tennas every second integration period. The 32m antenna
was not in a ﬁeld-aligned position, and no NEIALs were
found in that data set. At the same time, auroral emissions
were observed with a 5 channel Meridian Scanning Pho-
tometer (MSP) every 16s with an angular resolution of 1◦.
Since each MSP scan is 16s, every integrated data dump
from the 42m antenna will be within the time span of the
MSP data. Activity was recorded in the following wave-
lengths: 630.0nm, red line emission from neutral atomic
oxygen, O (1D); 557.7nm, green line emission from neu-
tral atomic oxygen, O (1S); 427.8nm, blue line emission
from ionized diatomic nitrogen, N+
2 (1NG); 844.6nm, near
infrared line emission from neutral atomic oxygen, O (3p3P);
and 486.1nm, Balmer line emission from neutral hydrogen,
Hβ. However, the Balmer line emission was very weak
and noisy; hence emissions caused by proton precipitation
will not contribute signiﬁcantly to the observed auroral emis-
sions. The photometer was located at the Auroral Station in
Adventdalen, Longyearbyen, Svalbard, close to the ESR site
(∼7km). The geographic coordinates for the radar facility
is 78.15◦ N and 16.03◦ E, while the corrected geomagnetic
coordinates from the IGRF-2000 is 75.17◦ N and 112.28◦ E,
which gives a magnetic midnight at ∼20:48UT. The ﬁeld-
of-view of the radar and the MSP overlap at E- and F-region
heights.
In the raw data we observe NEIALs in 4 individual
data dumps (19:02:16–19:02:29UT; 19:09:05–19:09:18UT;
19:19:20–19:19:33UT; 19:23:36–19:23:49UT) and in 5
consecutivedatadumps(19:15:55–19:17:50UT).Becauseof
theintegrationtimewearenotabletomeasureNEIALevents
on shorter time scales, but it is known that they can appear
on time scales of less than 1s (Grydeland et al., 2004). Fig-
ure 2 shows two examples of NEIALs in the raw-data spec-
tra. The left panel shows a very distinct enhancement in the
right shoulder, which will be further discussed. We observe
enhancements in the left, right and both shoulders during the
time of interest. An example of the latter is shown in the right
panel of Fig. 2.
Figure 3 shows the analysed data from the 42m antenna.
The standard analysis estimates electron density, electron-
and ion temperatures and ion drift, provided the backscat-
tered signal is from a thermal plasma. During NEIALs
events, this is not a valid assumption and the electron density
and temperature estimates are therefore not representative for
the ionosphere. Instead, the analyzed data indicates that we
are dealing with highly non-thermal spectra. It can clearly be
seen in Fig. 3 between ∼19:00–19:25UT (encapsulated by 5
black ovals, which show the time of NEIAL events), that the
electrontemperature ishigh (>6000K)whilethe iontemper-
ature is not particularly enhanced. In addition, ion outﬂow is
seen at high altitudes as well as increased electron density
(>1012 m−3) for some of the events. The ratio Te/Ti is in-
creased from about 1.3 outside the NEIAL events to more
than 2 within them. All these factors at the same time have
previously been taken as signatures of NEIALs.
www.ann-geophys.net/27/2001/2009/ Ann. Geophys., 27, 2001–2010, 20092004 J. Lunde et al.: Particle precipitation during NEIAL events
Fig. 3. A standard analysis of the ESR data where the panels show from the top to the bottom: the electron density, the ion temperature, the
electron temperature and the ion drift velocity, respectively. The time of the NEIAL events is encapsulated by black ovals.
Figure 4 shows the column emission rates of 630.0nm,
427.8nm, 557.7nm and 844.6nm versus time and scan an-
gle, where ∼98◦ corresponds to the intersection with the
42m beam (dashed white line). The MSP shows a typi-
cal substorm signature, seen as a rapid poleward expansion
starting at ∼18:53UT which reaches the northernmost lati-
tude at ∼18:57UT. This gives a rapid poleward expansion
velocity which increase from about 1 to 2km/s. Furthermore,
during the recovery phase, seen as the equatorward motion,
another onset happens at ∼19:15UT. From ∼19:16UT to
∼19:18UT, ﬁve consecutive data dumps with NEIALs are
observed, and afterwards two more NEIAL events happen
at ∼19:19UT and ∼19:24UT. In Fig. 4, between 19:00–
19:40UT (encapsulated with black ellipse), 3 small and dis-
tinct intensiﬁcations are seen above Longyearbyen for all
wavelengths; ∼19:02UT, ∼19:09UT and ∼19:34UT.
In addition, we also looked at data from the magnetome-
ter network IMAGE (International Monitor for Auroral Geo-
magnetic Effects) and the Cutlass radars (8–20MHz), a part
of the Super Dual Auroral Radar Network (SuperDARN).
The latter show the characteristic two-cell patterns of iono-
spheric convection (Fig. 5), due to a southward IMF (Bz<0).
The plasma convection speed in the ionosphere observed by
the SuperDARN radar was about 1km/s in the eastward di-
rection (dawn-dusk) and the convection ﬂow was equator-
ward (moving towards the Sun). The magnetograms from
the IMAGE network, with 20s resolution data, show a clear
negative deﬂection at Longyearbyen of ∼425nT in the hor-
izontal component at ∼18:53UT (Fig. 6), which is about
10min before the ﬁrst NEIAL observation. Also, pole-
ward propagation is clearly seen in Fig. 6 (illustrated with
green and blue triangles), which gives a poleward expan-
sion velocity similar to that obtained from the MSP data,
and which is of the order of typical plasma convection speed
in the ionosphere. Additionally, the ionospheric equivalent
current estimated from MIRACLE, a two-dimensional in-
strument network for mesoscale studies of auroral electro-
dynamics (www.space.fmi.ﬁ/MIRACLE/index.html), shows
periods of eastward and westward current enhancement be-
tween 18:15–18:45UT and 18:25–19:00UT, respectively.
The region of eastward current enhancement occurs between
64.5◦–69.5◦ N geographic latitude, and is strongest between
67◦–69.5◦ N, while the westward current enhancement oc-
curs between 72◦–79◦ N geographic latitude, strongest be-
tween 73◦–78◦ N.
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Fig. 4. An overview of the recorded emission intensity by the MSP in Rayleigh versus time and scan angle for the 630.0nm, 427.8nm,
557.7nm and 844.6nm lines. The white dashed line represents the intersection with the radar ﬁeld of view. The black ovals encapsulate 3
small and distinct separated formations.
3 Discussion
In Fig. 4, the 2 small intensiﬁcations at ∼19:02UT and
∼19:09UT match the times of the NEIAL events; in par-
ticular, the ﬁrst intensiﬁcation matches the ﬁrst observed
NEIAL event, while the second intensiﬁcation matches the
event where the green line intensity exceeds the red line in-
tensity. Figure 7 shows how the optical intensities vary in-
side the radar ﬁeld of view. The black arrows indicate the
times we observe NEIALs in the radar data (∼19:02UT,
∼19:09UT, ∼19:19UT, ∼19:24UT), and the black diamond
(at the top and in the middle of the ﬁgure) represents the
ﬁve consecutive NEIAL events (∼19:16–19:18UT), while
the notation (a, b, c, d) illustrate some cases where the red
line emission intensiﬁcation peak does not correspond to any
NEIAL observations (∼18:57UT, ∼19:21UT, ∼19:23UT,
∼19:34UT). The events chosen for comparison (a–d) rep-
resent large rapid intensity increases in the red line. In all
NEIAL events, except for the one at ∼19:09UT, the red line
intensity (>10kR) is greater than the green line intensity.
The exception is enclosed in a frame (Fig. 7). This event
corresponds to strong backscatter in the right shoulder of the
incoherent scatter spectrum. The dynamic range of the opti-
cal intensities during periods of NEIAL events is found to be:
6.6–36.3kR for 630.0nm, 4.5–14.9kR for 557.7nm, 0.56–
1.67kR for 427.8nm and 4.5–18.7kR for 844.6nm. We see
that the 844.6nm emission line intensity is below the dy-
namic range at ∼18:57UT (a), ∼19:21UT (b), ∼19:23UT
(c) and ∼19:34UT (d). The line intensities of 630.0nm,
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Fig. 5. SuperDARN plasma convection data are shown for 19:00:00–19:02:00UT (left) and 19:20:00–19-22:00UT (right).
557.7nm and 427.8nm emissions are below the dynamic
range only at ∼19:34UT (d). The previously assumed re-
quirement that the intensity of the 630.0nm line should be
above about 10kR (Collis et al., 1991) is an insufﬁcient crite-
rion for NEIALs to be detected by the ESR. The peaks a), b)
and c) in Fig. 7 are all above 10kR, but no NEIALs were de-
tected. On the other hand, we note that the 844.6nm intensi-
ties are very low duringthese events. Inaddition, the electron
energy ﬂux is found to be insufﬁcient (less than 2.4mW/m2,
see discussion below) at ∼18:57UT (a), ∼19:23UT (c) and
∼19:34UT (d). In Fig. 7, the example (d) is close to the
small equatorward intensiﬁcation, seen around ∼19:34UT
in Fig. 4. This feature at ﬁrst sight implies a possible NEIAL
event due to the apparent intensiﬁcations similar to the oc-
currences at ∼19:02UT and ∼19:09UT. Unfortunately, this
enhancement appears adjacent to the local magnetic zenith
and just on the edge of the radar ﬁeld of view and the ESR
does not record a NEIAL event around that time. The fact
that Fig. 4 shows clear intensiﬁcations in event d) and that we
do not see NEIALs in the radar beam suggests that NEIALs
are small-scale structures directly tied to the spatial extent of
the auroral precipitation.
In general, the intensity of the 427.8nm emissions allows
us to deduce the total energy ﬂux of the precipitating elec-
trons, while intensity ratios (e.g. 630.0/427.8, 844.4/427.8
and 557.7/427.8) are related to the characteristic or mean
energy of the primary precipitating electrons. To estimate
the energy ﬂux and characteristic energy we use the method
described by Lunde et al. (2007) and references therein.
By using ground based optical data, we ﬁnd that the min-
imum electron energy ﬂux during NEIAL events for this
case study is ∼2.4mWm−2, while the average ﬂux between
18:00–20:00UT is about 1mWm−2. The minimum energy
ﬂux is somewhat lower compared to earlier observations
(∼3.4mWm−2) in the cusp study (Lunde et al., 2007), but
still, within this case study the values are clearly different
when NEIALs are present compared to when they are or not.
This implies that it is important to use the values of the en-
ergy ﬂux as a reference from case to case rather than an ab-
solute reference. At least, the electron energy ﬂux of soft
particles is expected to be larger for daytime than nighttime
observations. The characteristic energy ∼60–300 (∼158eV
in average) is approximately in the same range as found in
the cusp study ∼50–220eV (∼115eV in average) (Lunde
et al., 2007). Regarding the emission line intensities, com-
pared to the cusp result, the red and blue line intensities are
lower, while the green and infrared intensities are greater. It
should be noted that the intensity ratio between 557.7nm and
844.6nm shows a high similarity to the ratio during the cusp
event, both with respect to the maximum (∼5) and minimum
(∼0.6) values as well as the values during NEIAL events
(∼0.6–1.8). The other intensity ratios were not to any great
extent comparable, but still, the NEIALs occur within the
dynamic range representative for each of the cases.
Figure 8 is a MSP plot showing the intensity of the
844.6nm emission line versus time and scan angle, where the
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black arrows correspond to the NEIAL events and the white
arrowswithnotations(a-c, whichcorrespondtoFig.7)repre-
sent absence of NEIALs. The ﬁgure shows that the 844.6nm
line may be a more suitable candidate than the 630.0nm for
discriminating when NEIALs are observed or not. Both lines
are emitted by atomic oxygen (OI). Since the transition emit-
ting at 630.0nm is forbidden (with a radiative lifetime of
107s) it is strongly inﬂuenced by quenching, leading to an
effective lifetime varying with altitude, typically 25–40s at
200–300km altitude. The 844.6nm is a prompt emission
(20ns). Thus, the 844.6nm line responds instantaneously to
temporal changes in the auroral precipitation (Vallance Jones
et al., 1987). The 844.6nm emissions are produced by two
processes; where the direct impact of electron on O atoms
is dominant, while dissociative excitation of O2 molecules
occurs during large storms (Strickland et al., 1989). The dis-
sociative recombination is expected to contribute with 27%
during nighttime conditions (Christensen et al., 1983). The
optical observations strongly indicate that the red line inten-
sity alone is not a sufﬁcient criterion for NEIALs to occur.
If that was the case, more observed NEIAL events should be
expected, as for example in the whole period from 19:16–
19:26UT, where the red line emissions are well above 10kR
(see Figs. 4 and 7). By looking closer at the other emission
lines than 630.0nm, especially the 844.6nm line, the lack
of NEIALs in the radar data corresponds to the rapid decay
from a high intensity to a lower intensity, seen as “gaps” in
Fig. 8 and valleys in Fig. 7. Rapid intensiﬁcations in the
844.6nm emission seem to be a good indicator of NEIAL
activity. Both 844.6nm and 630.0nm are efﬁciently excited
by low energy precipitation.
The increased auroral activity follows a poleward propa-
gation of the magnetic deﬂection (electrojet) seen as a clear
negative bay of ∼425nT in the horizontal component in
the IMAGE magnetometer at Longyearbyen at ∼18:53UT
(Fig. 6), about 10min before the ﬁrst NEIAL observation. It
is worth noting that this is consistent with previous reported
results from the cusp region (Lunde et al., 2007). In addi-
tion, the westward electrojet is related to the negative BY,
and this situation together with poleward expansion events,
which are seen in both the IMAGE and photometer data, are
typical signatures of a substorm expansion phase (e.g. Ros-
toker, 1996). The local K-index of 6 matches very well with
previously reported events (Rietveld et al., 1996; Ogawa et
al., 2006; Lunde et al., 2007), which showed NEIAL events
during periods with the K-index larger than 4.
From the data discussed above, it is difﬁcult to clearly
distinguish between the Langmuir decay – and the current
driven instability theory. We observe that all NEIALs in this
experiment are associated with enhancements in 844.6nm
emission line, which is related to soft particle precipitation.
On the other hand, we have an event where the green line
exceeds the red line intensity, and this causes an enhance-
ment in the up-shifted shoulder. This is in accordance with
the explanation put forward by Rietveld et al. (1991), who
Fig. 6. Magnetogram for the X-component at 5 different sta-
tions from 18:00–21:00UT: Sørøya (SOR, 67.34◦ N), Bjørnøya
(BJN, 71.43◦ N), Hornsund (HOR, 74.12◦ N), Longyearbyen (LYR,
75.23◦ N) and Ny ˚ Alesund (NAL, 76.17◦ N). All latitudes are given
in Corrected GeoMagnetic (CGM) coordinates from the year 2000.
The green and blue triangles correspond to a substorm onset and the
apparent subsequent poleward expansion, respectively.
state that the enhancement in the right shoulder is due to
the precipitation of thermal and suprathermal electrons. Our
NEIAL events are observed during periods with the K-index
larger than 4, and enhanced electrojets are detected by MIR-
ACLE. Rino, already in 1972 reported observations of spec-
tral asymmetries in association with electrojet currents. This,
together with the substorm expansion phase discussed above,
indicates that a large current system is present. Within such
large scale currents, together with sharp gradients in conduc-
tivities such as auroral arcs, small intense FAC’s are expected
(N¨ oel et al., 2000) and observed (Neubert et al., 2003). Dur-
ing particle precipitation, a parallel electric ﬁeld is set up,
and Gudkova et al. (1973) predict a rapid increase in the elec-
tron temperature due to the onset of the Buneman instability
when a parallel electric ﬁeld is associated with the FAC re-
gion. The resulting turbulence acts to inhibit the free acceler-
ation of electrons relative to the ions and the plasma rapidly
becomes strongly non-isothermal (Te/Ti1), which leads to
an ion acoustic instability (Foster et al., 1988).
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Fig. 7. Optical emissions corresponding to the ﬁeld-aligned radar beam direction between 18:00–20:00UT and the MSP meridian scans have
been smoothed by using a weighted triangular ﬁltering of ±1◦. NEIAL events are marked with black arrows (and a black diamond), while
the notation a, b, c and d shows emission peaks which do not correspond to such events. The enclosed frame is the event where the green
line intensity exceeds the red line. The colour code is red, green, black and blue for the 630.0nm, 557.7nm, 844.6nm and 427.8nm lines,
respectively.
Fig. 8. The MSP plot shows the Rayleigh intensity of the 844.6nm emission line versus time and scan angle. The white dashed line
represents the intersection with the radar ﬁeld of view. The frames indicate the duration of NEIALs. The black arrows, together with the
frames, correspond to NEIAL events, while white arrows together with ellipses indicate the absence of NEIALs. At the 3 ﬁrst white arrows,
the red line emissions are well above 10kR, while the 844.6nm emission is below the dynamic range. The notations: a, b, c and d are the
same as in Fig. 7.
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In our case we observe enhancements in single shoulders
as well as in both shoulders in individual data dumps. The
NEIAL events are believed to vary on a timescale down to
less than a second, according to results by Grydeland et
al. (2004), but because of the poor time resolution in our
experiment (integration time of 12.8s), it is impossible to
state whether we have enhancements in both shoulders at
the very same time or not. The enhancement in both shoul-
ders simultaneously has previously been interpreted as not
being due to the current driven instability, since this would
require intense, oppositely directed current pairs within the
radar beam width (e.g. Rietveld et al., 1991). However, Col-
lis et al. (1991) suggested that enhancements in both shoul-
ders simultaneously are possible during the current driven
instability process. Neubert et al. (2003) have demonstrated
that intense, small-scale FACs indeed exists. More recently,
Daldorff et al. (2007) show by modelling that the oscillat-
ing two-stream instability driven by a cold electron beam is
a possible theory for the generation of NEIALs.
4 Conclusions
This paper shows that NEIALs are also a phenomenon which
may be observed during nighttime hours at high latitudes in
Svalbard. The geophysical settings indicate that the NEIAL
events in this case study are associated with the substorm ex-
pansion phase on the nightside. We have also found that the
green line may exceed the red line intensity during NEIAL
events, causing enhancement in the up-shifted shoulder in
the incoherent scatter spectra. This shows that both soft and
hard precipitation is essential for the generation of NEIALs;
the harder precipitation being important for the enhancement
in the up-shifted ion-acoustic line. We also ﬁnd that the en-
hancement of the down-shifted shoulder is not strictly related
to the previous threshold of about 10kR for the 630.0nm
line intensities. There seems to be a possible link between
the NEIAL events and the 844.6nm line emission intensity
which probably makes this line a more suitable indicator
of NEIAL activity than the 630.0nm emission line. Both
the 630.0nm and 844.6nm are emitted by atomic oxygen
(OI), excited by low energy precipitation, but the latter re-
sults from a prompt emission, and shows a better correlation
with NEIALs on the short time scales involved.
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